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Abstract
Objective: To compare the efficacy of various durations of wheelchair tilt-in-space and recline on enhancing skin perfusion over the ischial
tuberosity in people with spinal cord injury (SCI).
Design: Repeated-measures, intervention and outcomes measure design.
Setting: University research laboratory.
Participants: Power wheelchair users with SCI (NZ9).
Interventions: Three protocols of various durations (3min, 1min, and 0min) of wheelchair tilt-in-space and recline were randomly assigned to
the participants. Each protocol consisted of a baseline 15-minute sitting, a duration of 0- to 3-minute reclined and tilted, a second 15-minute
sitting, and a 5-minute recovery. The position at the baseline and the second sitting was no tilt/recline of the participant and at the reclined and
tilted and recovery was at 35 tilt-in-space and 120 recline.
Main Outcome Measures: Skin perfusion response to tilt and recline was assessed by laser Doppler and was normalized to mean skin perfusion at
the baseline sitting.
Results: The results showed that mean skin perfusion during recovery at the 3-minute duration was significantly higher than that at the 1-minute
duration (P<.017) and mean skin perfusion was not significantly different between the 1-minute and 0-minute durations (not significant). Skin
perfusion during the second sitting was significantly higher at the 3-minute duration than at the 1-minute and 0-minute durations (P<.017).
Conclusions: Our findings suggest that performing the 3-minute duration of wheelchair tilt-in-space and recline is more effective than the
1-minute duration in enhancing skin perfusion of weight-bearing soft tissues.
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ª 2013 by the American Congress of Rehabilitation MedicinePressure ulcers are among the most common secondary complica-
tions after spinal cord injury (SCI).1 Despite the establishment
of clinical guidelines and the progress of support surface tech-
nology,2-4 the incidence of pressure ulcers in people with SCI
remains high and relatively unchanged in the past 30 years (ie,
ranged from 20%e35%).1,5 The need to address this significantSupported by the National Institutes of Health (grant no. R03HD060751).
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http://dx.doi.org/10.1016/j.apmr.2012.11.019clinical problem has been pointed out by the Department of Veterans
Affairs Quality Enhancement Research Initiative for Spinal
Cord Injury.6
Various interventions have been recommended for the
prevention of sitting-induced pressure ulcers in people with SCI,
including pressure redistribution cushions, pressure-relieving
activities (eg, push-up and lean forward), and wheelchair tilt-
in-space and recline.7 Wheelchair tilt-in-space and recline are
especially suitable for people with tetraplegia who cannot perform
pressure-relieving activities by themselves.8 Both wheelchair tilt-
in-space and recline provide relief from sitting-induced pressurehabilitation Medicine
668 Y-K Jan et alwhile tilt-in-space works best for users with high muscle tone and
orthopedic limitations and recline works best for users who
require a full weight shift.9 Several studies have demonstrated the
effect of tilt-in-space and recline angles on seating interface
pressure and skin perfusion in wheelchair users.10-13 However, the
current literature does not provide specific recommendations on
the selection of wheelchair tilt-in-space and recline duration factor
on reducing soft-tissue ischemia.12,14 The knowledge gap may
limit the benefit associated with using wheelchair tilt-in-space and
recline on reducing the risk of pressure ulcers.
Clinically, bed-ridden patients are usually repositioned every
2 hours andwheelchair users are recommended to perform pressure-
relieving activities every 15 to 30 minutes for 30 seconds.7,15
However, assessing wheelchair push-ups and lean forwards on the
recovery of skin perfusion showed that up to 42 to 300 seconds were
needed.16,17 If a pressure-relieving activity is not adequate to allow
an increase in blood flow to ischemic tissues, the intervention may
not benefit wheelchair users for preventing pressure ulcers.12 In the
literature, there are several studies investigating the effect of
wheelchair tilt-in-space and recline angles on seating interface
pressure, but no research studies have been conducted to investigate
the effect of the durations of tilt-in-space and recline on reducing
soft-tissue ischemia.8,11,12
Skin perfusionmay be a good candidate to determine the efficacy
of various durations of tilt-in-space and recline on reducing soft-
tissue ischemia and risk of skin pressure ulcers.12 A major benefit
associated with periodically performing pressure redistribution
activities is to allow for a reactive hyperemic response to restore
blood supply to the ischemic tissues.12,18 Reactive hyperemia is
a local blood flow regulatory mechanism and remains functioning
even after SCI. Reactive hyperemia occurs after occlusion of blood
vessels; for a total relief after the occlusion, blood flowmay increase
several folds as compared with the baseline level; and for a partial
relief, blood flow may not increase beyond the baseline level.19,20
When performing wheelchair push-ups for pressure relieving in
people with paraplegia, a full reactive hyperemic response may
occur because of fully unloaded weight-bearing soft tissues. When
performing wheelchair tilt-in-space and recline for pressure redis-
tribution in people with tetraplegia, a partial reactive hyperemic
response may occur because of partially unloaded weight-bearing
soft tissues. By examining reactive hyperemic response to various
durations of wheelchair tilt-in-space and recline, a guideline of the
duration factor of performing wheelchair tilt-in-space and recline
may be determined.
Our long-term goal is to develop clinical guidelines of
wheelchair tilt-in-space and recline for preventing sitting-induced
pressure ulcers in people with SCI. We have designed a series of
studies to investigate the effects of various settings of wheelchair
tilt-in-space and recline on skin and muscle perfusion. In our
previous study,12 we studied the effects of various angles of tilt-
in-space and recline on skin perfusion and found that tilt-
in-space should be at least 35 for enhancing skin perfusion
over the ischial tuberosity when combined with 100 recline in
people with SCI. In this study, we continue our effort to study the
influences of the duration of tilt-in-space and recline on skinList of abbreviations:
ASIA American Spinal Injury Association
LDF laser Doppler flowmetry
NS not significant
SCI spinal cord injuryperfusion in people with SCI. We hypothesized that (1) skin
perfusion during recovery is higher when wheelchair users with
SCI perform tilt-in-space and recline at the 3-minute duration
compared with the 1-minute and 0-minute durations, and skin
perfusion does not show a significant difference between the
1-minute and 0-minute durations, and (2) skin perfusion during
upright sitting after performing tilt-in-space and recline is
higher at the 3-minute duration than at the 1-minute and
0-minute durations.
Methods
A repeated-measures, intervention and outcomes measure research
design was used in this study.
Participants
We recruited 9 wheelchair users with SCI into this study. The
participants were recruited from a local rehabilitation hospital. The
inclusion criteria included traumatic SCI at the level betweenC4 and
T5, at least 6months after spinal injury, use of a powerwheelchair as
a primarymeans ofmobility, andwheelchair seat width of .43meters
(17in) to .53 meters (21in). The exclusion criteria included cardio-
respiratory diseases or other diseases that may significantly affect
cardiovascular function, diagnosed skeletal deformities (scoliosis,
pelvic obliquity, or hip and knee contracture), body mass index over
30kg/m2, or active pressure ulcers. All participants gave informed
consent to this study approved by an institutional review board. The
demographic data of participants were as follows (values are mean
 SD): age 38.013.0 years, body mass index 24.52.3kg/m2,
8 men and 1 woman, and duration of injury 6.05.9 years. One
participant had sensory complete injury (American Spinal Injury
Association [ASIA] grade A), 1 participant had motor complete
injury (ASIA grade B), and 7 participants had incomplete injury
(ASIA grade C).
Apparatus
Laser Doppler flowmetry (LDF)a and probea were used to measure
skin perfusion over the right ischial tuberosity in response to
changes in durations of wheelchair tilt-in-space and recline.12 LDF
provides noninvasive, real-time measurement of skin perfusion at
a depth of about 1 millimeter.3 Skin perfusion was sampled at
32Hz for additional off-line analysis. A power wheelchairb with
tilt-in-space and recline functions was used in this study. Seat
width of the wheelchair was .48 meters (19in). A high-density
foam cushionb was used in this study. The wheelchair tilt-
in-space was defined as a change in person’s orientation in space
while maintaining the seat-to-back angle. The wheelchair recline
was defined as a change in seat-to-back angle. The detailed
configurations of wheelchair tilt-in-space and recline are provided
in our previous study.12 Two angle gaugesc were used to measure
the angles of wheelchair tilt-in-space and recline.
Wheelchair tilt-in-space and recline protocol
We selected commonly used time parameters by wheelchair users,
including durations at 3 minutes, 1 minute, and 0 minutes for a total
of 3 protocols.15,21-23 The duration of wheelchair tilt-in-space and
recline was defined as the time spent on the tilted and reclinedwww.archives-pmr.org
Table 1 A repeated-measure design of the efficacy of durations of wheelchair tilt-in-space and recline on skin perfusion*
Protocol
Ischemia Period
(Baseline 15-min Sitting) Tilted and Reclined Period
Ischemia Period
(Second 15-min Sitting) Recovery Period Total Time
3-min duration protocol 15-min sitting at no
tilt/recline
3min at 35 tilt and
120 recline
15-min sitting at no
tilt/recline
5min at 35 tilt
and 120 recline
38min
1-min duration protocol 15-min sitting at no
tilt/recline
1min at 35 tilt and
120 recline
15-min sitting at no
tilt/recline
5min at 35 tilt
and 120 recline
36min
0-min duration protocol 15-min sitting at no
tilt/recline
0min 15-min sitting at no
tilt/recline
5min at 35 tilt
and 120 recline
35min
* Three protocols consist of 3 durations (3min, 1min, and 0min) of wheelchair tilt-in-space and recline randomly assigned to the partici-
pants. A 5-min wash-out period was allowed between each protocol. Dependent variables are mean and peak skin perfusion over the ischial
tuberosity.
Repositioning durations on skin perfusion 669position. Each protocol consisted of a 15-minute baseline sitting,
a duration of 0- to 3-minute reclined and tilted, a 15-minute second
sitting, and a 5-minute recovery. The baseline and second sitting
position was no tilt/recline of the participant, and the reclined and
tilted and recovery position was 35 tilt-in-space and 120 recline
in this study. We chose the 15-minute sitting and the 1-minute
duration because of clinically recommended settings of every
15 minutes for 30 seconds.15,21-23 We added 30 seconds for a total
of 1-minute duration to count the time needed to adjust wheelchair
tilt-in-space and recline angles.12We chose the 3-minute duration to
examine whether a longer duration than the clinically recom-
mended 30 to 60 seconds would be more effective in reducing skin
ischemia of weight-bearing tissues. The zero duration (continuous
sitting with tilt and recline) served as the control for comparing the
efficacy of various durations of tilt-in-space and recline in reducing
ischemia. The selection of 35 tilt-in-space and 120 recline was
based on our previous study that such angles are more effective in
reducing skin ischemia.12 Detailed descriptions of the 3 protocols
are provided in table 1. The order of the testing conditions was
randomly assigned to the participants.24 A wash-out period was
5 minutes at 35 tilt-in-space and 120 recline between 2 proto-
cols.12 In this study, we did not have recline-only or tilt-in-space-only
protocol because a combination of tilt-in-space and recline has been
shown to be superior to the soleuseof eitherwheelchair tilt-in-spaceor
recline.25,26
Procedure
Room temperature was maintained at 23C2C. Participants were
kept in the laboratory for at least 30 minutes to accommodate the
room temperature. This step allowedus tominimize the influences of
skin temperature on skin perfusion.27 During the acclimation period,
participants with SCI were asked to empty their bladders. The
participant was transferred to a mat table to tape the LDF probe onto
the skin over the right ischial tuberosity. Then, he/shewas transferred
to the test powerwheelchair. Regarding the procedure of applying an
LDF probe, a participant was positioned in the side-lying posture,
with hips and knees flexed at 90. The tester then palpated the right
ischial tuberosity to place the probe. The purpose was to minimize
the displacement of the probe when the participant was transferred
back to thewheelchair. Then, a correct location of the LDF probe on
the skin over the ischial tuberosity was examined by palpation.
Before the testing, the participants sat at 35 tilt-in-space and 120
recline for a duration of 5 minutes. Skin perfusion over the right
ischial tuberosity was continuously measured throughout the study.
The same person performed the adjustment of wheelchair tilt-in-
space and recline settings (duration and angle of performingwww.archives-pmr.orgwheelchair tilt-in-space and recline) in all experiments in this study.
The range of acceptable angles was 3 of the set angle. Each
participant spent about 2 hours completing the experiment.
Statistical analysis
The independent variables included 3 durations (3min, 1min, and
0min) of wheelchair tilt-in-space and recline. The dependent vari-
ables of this study were mean skin perfusion and peak perfusion of
reactive hyperemia.28 Peak perfusion was defined as the maximal
blood flow during a reactive hyperemic response. To minimize the
influences of movement artifact on skin perfusion, we did not
average the first 20 seconds of each condition when tilt-in-space and
recline was performing. The rationale for selecting 20 seconds was
based on our experiments because 20 seconds was needed to
complete the adjustment of wheelchair tilt-in-space and recline
angles (35 tilt-in-space and 120 recline). We normalized individ-
ual’s skin perfusion response to his/her baseline sitting skin perfu-
sion.29,30 A 1-way analysis of variances with repeated-measures
design was used to examine the efficacy of various durations of
wheelchair tilt-in-space and recline on enhancing mean and peak
skin perfusion. Post hoc analysis was implemented by paired t tests
with Bonferroni corrections. All statistical tests were performed at
an alpha level of .05. For repeated-measures comparisons, the
significance level was adjusted to .017. All statistical analyses were
analyzed by using SPSS 16.d
Results
During the recovery period, mean skin perfusion of 3 protocols
showed a significant increase compared with mean skin perfusion of
the baseline sitting period (P<.05). Normalized mean skin perfusion
was significantly higher at the 3-minute duration (1.92.28) than at
the 1-minute duration (1.35.05) (P<.017) but not at the 0-minute
duration (1.57.21) (not significant [NS]) (fig 1). Normalized
mean skin perfusion was not significantly different between the
1-minute and 0-minute durations (NS) (see fig 1).
During the recovery period, normalized peak skin perfusion of
the reactive hyperemic response of the 3 protocols did not show
a significant difference (NS), while normalized peak skin perfusion
showed a higher value in the 3-minute (4.11.1) and 0-minute
(3.71.5) durations compared with the 1-minute (2.15.15) dura-
tion (fig 2).
During the sitting period, normalized skin perfusion of the second
15-minute sitting was significantly higher at the 3-minute duration
(1.15.07) than at the 1-minute duration (.96.06) (P<.017) and the
Fig 1 Comparison of normalized mean skin perfusion over the
ischial tuberosity during the recovery period in response to various
durations of wheelchair tilt-in-space and recline. The results show
that normalized mean skin perfusion at the 3-min duration signifi-
cantly increases compared with that at the 1-min duration (P<.017);
mean skin perfusion is not significantly different between the 1-min
and 0-min durations (NS). Mean skin perfusion during the recovery
period at 35 tilt-in-space and 120 recline was normalized to the
baseline sitting period at no tilt-in-space and recline. Data are shown
as mean  SE. * P<.017.
670 Y-K Jan et al0-minute duration (.98.03) (P<.017). Normalized skin perfusion
was not significantly different between the 1-minute and 0-minute
durations (NS) (fig 3).
Discussion
Our study demonstrated that the duration factor of wheelchair tilt-in-
space and recline affected skin perfusion over the ischial tuberosity
in wheelchair users with SCI. Our results indicated that skinFig 2 Comparison of peak skin perfusion over the ischial tuberosity
during the recovery period in response to various durations of wheel-
chair tilt-in-space and recline. The results show that there is no
significant difference in normalized peak skin perfusion among the
3 protocols. Peak skin perfusion during the recovery period at 35 tilt-
in-space and 120 recline was normalized to the baseline sitting period
at no tilt-in-space and recline. Data are shown as mean  SE.perfusion during the recovery period at the 3-minute duration was
significantly higher than at the 1-minute duration and was not
significantly different between the 1-minute and 0-minute durations
(see fig 1). Our study also showed that skin perfusion during the
second sitting significantly increased after performing the 3-minute
tilt-in-space and recline compared with the 1-minute tilt-in-space
and recline (see fig 3). Along with our previous study,12 we
demonstrated that various angles and durations of wheelchair tilt-in-
space and recline significantly affect the efficacy of enhancing skin
perfusion in wheelchair users with SCI. Our method can be used to
determine the proper settings of wheelchair tilt-in-space and recline
for enhancing skin perfusion of the weight-bearing tissues.
We demonstrated that the 3-minute duration of tilt-in-space and
recline may be more beneficial for the weight-bearing soft tissues
compared with the l-minute duration during recovery. This finding
indicates a significant issue that if the duration of tilt-in-space and
recline is not adequate, ischemia caused by upright sitting may not
be removed inwheelchair users with SCI.31,32 This is consistent with
previous research examining various pressure-relieving activi-
ties.16,17 Makhsous et al17 demonstrated that wheelchair push-ups
for 30 seconds were not adequate for a full recovery of skin perfu-
sion. Coggrave and Rose16 also showed a similar conclusion that
about 2 minutes of pressure relieving of the weight-bearing soft
tissues was needed to restore tissue oxygen to the unloaded level.
Our finding does not support the current clinical practice that the
Consortium for Spinal Cord Medicine7 published a clinical practice
guideline recommending every 15 to 30 minutes for repositioning
for 30 seconds. Our results indicate that skin perfusion during
recovery was not significantly different between the 1-minute
duration of tilt-in-space and recline and the continuous sitting
condition (0-min duration). On the basis of our findings, we suggest
that wheelchair users perform tilt-in-space and recline for a longer
duration such as 3 minutes to minimize ischemia of weight-bearingFig 3 Comparison of normalized skin perfusion over the ischial
tuberosity during the second 15-min sitting period at no tilt-in-space
and recline after performing various durations of wheelchair tilt-in-
space and recline at 35 tilt-in-space and 120 recline. The results
show that normalized skin perfusion at the 3-min duration signifi-
cantly increases compared with that at the 1-min and 0-min durations
(P<.017); normalized skin perfusion is not significantly different
between the 1-min and 0-min durations (NS). Skin perfusion during
the second 15-min sitting period at no tilt-in-space and recline was
normalized to the baseline 15-min sitting period at no tilt-in-space
and recline. Data are shown as mean  SE. * P<.017.
www.archives-pmr.org
Repositioning durations on skin perfusion 671soft tissues. This statement warrants more research to validate its
significance on reducing the risk of pressure ulcers.
The position at 35 tilt-in-space and 120 recline was used to
assess the efficacy of various durations on skin perfusion in this
study. The decision was based on our previous study12 indicating
that these angles can effectively increase skin perfusion during
the recovery period. However, one needs to be aware that this
finding can be applied only to angles of at least 35 tilt-in-space
and 120 recline. Smaller angles of tilt-in-space and recline
even with a duration of 3 minutes may not enhance skin perfusion.
The clinicians should educate wheelchair users to perform large
angles of tilt-in-space and recline (eg, greater than a combination
of 35 tilt-in-space and 120 recline) to allow the development of
reactive hyperemia to minimize ischemia of weight-bearing soft
tissues. Also, the duration of tilted and reclined position is
preferred to be 3 minutes rather than the clinically recommended
30 seconds to 1 minute based on our results. In real life, wheel-
chair users usually do not perform tilt-in-space and recline at these
large angles and for such long durations.21,22 This may partly
contribute to a high incidence of pressure ulcers over the ischial
tuberosity in people with SCI, especially people with tetraplegia.
Skin perfusion was used to evaluate the efficacy of various
durations ofwheelchair tilt-in-space and recline in reducing pressure
ulcer risk in this study. We hypothesized that higher mean skin
perfusion is beneficial for the weight-bearing soft tissues in terms of
pressure ulcer prevention.30,33 This is based on the ischemia theory
that an inadequate supply of blood and oxygen to local cells and
tissues causes soft-tissue ischemia, and beyond a threshold of
ischemia, pressure ulcers will occur.18,34,35 Aligned with this prin-
ciple, pressure relieving associated with performing wheelchair tilt-
in-space and recline may reduce the risk of pressure ulcers.36,37
Although tissue ischemia may only be one of the contributing
factors of pressure ulcers,12 we believe that soft-tissue ischemiamay
be a better factor in assessing the efficacy of wheelchair tilt-in-space
and recline in reducing the risk of pressure ulcers. This is particularly
important in peoplewith SCI as they lose the sympathetic outflow to
the skin (peripheral autonomic dysfunction, dependent on the injury
level) and heart (central autonomic dysfunction, injury level above
T4-5), which causes microvascular dysfunction and a higher risk of
pressure ulcers.38,39 According to the current result, we support the
use of noninvasive laser Doppler flowmetry to determine proper
settings of wheelchair tilt-in-space and recline.12
Reactive hyperemia is the underlying physiological mecha-
nism that contributes to an increase in skin perfusion during the
tilted and reclined position.12,30 Two theories have been proposed
for the development of a reactive hyperemic response, including
metabolic and myogenic theories.30 Both metabolic and myogenic
controls are a local regulatory response of skin microcirculation
and still function in people with SCI but with an attenuated
response.12,18,40 Because metabolic and myogenic controls are
mechanical stressedependent regulations,12,18,30skin perfusion
response thus can be modulated by the patterns of mechanical
stresses caused by wheelchair tilt-in-space and recline. Theoreti-
cally, a proper configuration of angles and durations of wheelchair
tilt-in-space and recline may be developed to utilize these local
blood flow regulatory controls for enhancing skin perfusion, thus
reducing the risk of pressure ulcers in people with SCI.
Study limitations
We only assessed skin perfusion for a short time rather than in
real-life daily monitoring. Our findings may not be applied towww.archives-pmr.orgdetermine the true efficacy of wheelchair tilt-in-space and recline
in preventing pressure ulcers. Future studies may need to correlate
the usage pattern of tilt-in-space and recline and the incidence of
pressure ulcers to validate our finding. We recruited only
9 participants with SCI into this study. Concerning the variations
in the level and severity of SCI, our results may not be extrapo-
lated to all people with SCI. However, a homogeneous group of
power wheelchair users was recruited for this study and the
repeated-measures design was implemented in this study. Thus,
the variations in spinal injury status may not confound our results.
Conclusions
Our study demonstrated that the duration of performing wheel-
chair tilt-in-space and recline affected skin perfusion of weight-
bearing soft tissues over the ischial tuberosity. On the basis of our
finding, we recommend that wheelchair users with SCI should
perform tilt-in-space and recline for around 3 minutes to minimize
ischemia of weight-bearing soft tissues and that a duration of
1 minute of wheelchair tilt-in-space and recline may not be
effective in reducing ischemia.
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